XPERIMENTAL

29 4.
ICWS Y9 , SITGES SPAIN

SAcrio Korariya
ICEPP Unwv. of Tokyo



LC PHYSICS

ELEMENTARY PARTICLE Pwrs:cs
/S Al.MosT AT ,-,-S A

T T
. Sl
il ,:‘v i ;‘ i
‘-.r T ';gvf — i
SIS - . )
I . b V 7 - i
Sl ‘})‘.: faz Rl T 5 3
w FE e i
f . S 5 ;
fremera -

— HIGES 1S ELEMENTARY
SupersSYHETRY + GUT

(SYSY BREAKING MECHANISM ’J

sopeRSTRING (GEOMETRY )

— COMPOSITE HIG6S 7
NEW STRONG INTERACTION
(@ TeV SCALE .

AT THE MoMENT THERE ARE \
NO ReEALISTIC MODELS

WALKING T.C. TOP ConDENSATION
ce. /]

> NEW PARADIGM v soyeses



Experimental Indication of My

J ' ——
: - o
PR B B A

- ' -
v IR
— - i s

: = h s
—t g — 7., ‘A‘e L
N — — PR

Sarlen at ICHEP 980 Y

Jancouver. July 1998

g
F s
B
I,

. ‘—a.:)
‘ (.-:l‘...: )

LEP Electroweak Working Group summer 1998

Excluded

Preliminary




Lightest Higgs Mass (GeV)

Upper Bound of

Lightest SUSY-Higgs Mass

150

130

100

ref. T.Moroi, Y.Okada, Physics Letters B295(1992)73-78

extra matter
multiplets

a gauge singlet

MSSM

eeri?
L
‘4-9"'33
g,
o
)

LY
rastA
tl(_-w

w5,
%
o

el
o
Hoain,



L HC o Lepa> ALONE CANANG:
EXPLORE AlL THE ESSENTIAL
PHYSICS.

B HIGCES SECTOR

THE LIGHT HIGGS CAN BTt
DISCOVERED AT Lepl.

AT LHC, UNDERSTANDING OF
DETECTORS AND BAKKGROUND
MAY TAKE (ONG TIHE

£ dned LAREE MHa REGICA

I f (A M A N _

.K:_\
Ay

I
a a—

OCh)RBCh>"") ~5Ffb mMa =isoGev
~Socfb ma = SocoGeV

S(wWh) BCh=2) P(2iwa )
~lLUfb MA =500 06eV

~ 300 € MAa=30006eV -lm/;::o |

~ 2.5 Pb my =300Gy He-f=30

G(Wh) B(ha ) BMW )

..... _—— e e . 2V T



Events/500 MeV for 100 fb—?

600 +
T j
7000 2 -
o
Q -
™ 400 -
2 .
6000 >
= t
S 200+
£ :
5000 2 i
@ i
LN

40G0

e

R SV IV ST BN TP

126 110 120 130 140
a) My (GeV) b) My (GeV)

(T‘e‘;i'_n. pé Lo

{ PbWCe¢ ECAL Y (il vt
| Main vevkex vetonstruchon

W

Sm~0.7 6V > 1.6 GeV

15 (Nno uﬂ)
10
o I
Z s
"?.: L
w -
Z
5
- 30 fb~* (low luminosity)
[ ® 100 fb-! (high luminosity)



20000

Events /2 GeV

17500

15000

12500

10000

ll1]1lli|llll

105



(50600

16000

L I . L ' | I LI | ' LI 1 ¥

P

1

(05




«

Ly «<— H

V < 66

ouornpoad v

00¢

=)
g

o
o
o
ARD §9/51UAY

n—.")._‘w ~!q m..?trdﬁ 1
laxid  s¥obv) 2

syoaU @éﬂao_

i,

4,199 <= H99 "V 99

i

voLlInpaif pHw 6094

0%



(A%D) Y

00!

007

001

00¢

Events/ 24 GeV

=~
w <

=
T

ltl]llIil

Qq4—H yoreur pood

Events / 24 GeV
o =
L= o~

%
g
g
g
I
g

© LI R B
5!
_*.I.
_g_
§..
3|
-
'0'
Y
<
M ° ;

NS w




) LHC



SUPER SYMHETRY

GLUINO PRoOoDUCTION

O

i 71 Illilit

—

T IIIHII

ol
OI

i IIII"]

Cross Section (pb/50 GeV)

T T T
ATLAS
msquurk":mgluino k
e M= 1500 GeV

— Myno= 800 GeV
. @ Instrumental bckg.

A SM bckgr.

L

it lllll[L"l [ Hnni

I I!ll_lll

E
10k ’ - .
AT "—j
i % _ ]
-4 1 I
10 F [
-IO- [ 1 L1 | NI TR l 1111 | T T B I T#T:*T*: 1.1 1_- i
0 500 750 1000 1250  1500.

250

ETmiss (G e\/)




IF GAUGE UNIFICATION [
A SSUMED,

M’:MZIH‘S‘:G{(:O(Z-’O(S

AT THE WTAlc SCALE

~S f ’ ! b
mx-f- < M, = giMB = 3z Mg

TeVATRON CAN PREhAen 300 GeV 9 3

390 = 6 GeV X+ ExcLupeD @ tEp2
: /

MASS DETERMINATION OF

-

X7 XY 4w L HELPS TO

t R
DETERMINE /’VZ\;I’} m g AnD
OTHER SUSY PARAMETERS

P n E——

3 b § CASCADE DECAYS ARE
“i1aTOPFE” IS DIFFERENT

P s A,



S SMOT
WP 0D VY N o

—
acmEen
el

B

2.8 o £



(neD) Yw | (AeD) "w
00S omv 00y omm 00g omN OON om_. oow om 0 00S 0S¢ 00F 0SE 00€ 0SZ2 002 0SL 00LOS O

i I O 1 . 1 1 1 ¥ [ ] ] 1 O
005 s
00% \ 1. T _
] 00¢
00€
oom 1r } 0z}
091
i | 0‘3 1¢ 1 19
i ove>18 [ 18
i 10t A®D ogl =Mw
A9D O
= | ROIE - NF - e
(q) S oEi< ()

- 191 = b |




HIGES BOSONS @ LC’

¢:‘é "',_;..u,_- ey E "-5.

1) DisCovERY oF h°® Z=._
( TF ~Nvor @ LEP2, LHC, - )

e e T 2 T Mp® =120 GeV

l Co o e N

MSSM Vs = 3006eV
J&dt = 5x 10%* ew2s™ = jooo h°2 /107 sec

' L
e e
L

® cucn FoR NMssm ( Okada LCwS9S)

™~ > 0.06 Pb 250 < VS £ 300 GeV/

2) PRECISION MEASUREHENTS
OF h° PROPERTIES

CcROSS SECTION

S(hz) = G (HgywZ) &
( My = " Hem )

IE &SCh2z) < 0.95 S (Hsh Z)

A
ST

A e

o g
e oar A AT L= EES A
- - - . - ~ - - T -~ “‘. :

= ete” —» /S OP&N



SPIN - PARITY

2

() DECAY BRANCHING FRACTIONS

T(h2bb) scmy ©0 [ sin(p-d)-ta £ cos -
- - 2 e . [ 2
Flhoed) < me - - [snP-O% ot FF -]
I"C(h>99) =< ( ToP @QuUARIC LooP
POMINANT )

SINCE Mc AHBIGUITY (& LARGE,
FCh>495) SHouLD ALSO BE MEASURED,

LCWSA3 Hildret+h , Bari low, Burice

LcwS 45 Nalkamura , /(auajoe, Olcadg

R “_4——~_v el ( Mas—Hy z

ECFA (Fascati, Oxfovrd)  Bathaglia "1

SV



300 T T T ) N e B N N I B N R
A o(e*e” » ZH) [fb]
- : \\\ —
N -—— My = 120 GeV
I N ' H
100 = / \\u ------- My = 150 GeV =
- ' — H - e 7]
- -
. i -
30 | B
. |
|
1
!
10 = ! =
- i 3
- E Vs [GeV] -
I 0 I T TN N R SO SV ST U S A
200 400 600 800 . 1000
IO N S I R a L ILRLLL AL AN I
bb
| Standard Model g
BR(Hy,,) |

o, =0.120 + 0.003

10




<M HIGES CROSS SECT!O!

S M HIGES DECAY BRAWCHING
TRACTIONS



CXPERIMENTAL  [SSUES

P ™Mc AHMBIGUITY = SHALL B(V\—QCE:}
h-49 SHoULD BE SETPARATED FRom ce

B e

>
® h->WW e,

BCM-?WW*) ~ 13 % /20 GeVv

~ 25K% } 30 GeV

Cny MEASUREHENT =
= FCh>wWw) =T (Hsu2w¥w) 7 RO

. TUhoWw)
= T B heww)

I R— - I - - . B
St e - : -

= T Chabt)=R{ h>bbk) T (h-=>all)

= T Hmosl) | P
( F.Richord Oxfovd TCF4)
® FINvALLY  SIHMulTANEOVS HIT
USING BChsbb), B(h>83), Bthce)

R{h- 'r*-F)) BChaw*w), G (hz)







Y Ly
seipnis 21 woyy otw

I R v
ey X
(ADD) W
O¥c 082 0gg 0lc 002 061
...__...._.:.___.__,...OOﬁ
mduyj
- 4011
] ] =
“ -
- 702t 5
L . 4y
[ ] =
o — 19%= 1 oe1
. — Y= ] OF
[ 00 1+ XVig ]
pr..»php_._.,..-.._._..._-Oﬁﬁ

- --ee SIOC PUT

1l eansesiy

(A2D)"3

002 G4T 0ST G21 001 G4 0%

: e T WAL 0
A 1 N R ,

_ - 02
- - OF
- shep 00} ~ * u

- . 0% H

- ABD 008 = Sp - 09
L wm.m w.,w.. Q0w ]
PP SN S BN SV SFPRNIE I Yo

wesbelp

(ds) (%

|puueyD-) +

LONBLIULLIZISC SSEIN



-Ili.l..a...l_:

Vo)

[\
@@

log,t [GeV]
|

i ) ¥ 1 I i H H 1

b) MSSM, M,,..=M, -
Hi} +

Vo ()

11E||ll|i{|;!1l|

T 10 15
%

cap logu [GeV]

S S

[N
-~



/ISSUES ON SUSY

1) WHERE ARE THEY ?

" ~/° >4 ~
Xi imXT) mfﬂ/"'

2) SUSY BREAKING MECHANISM 7

SUPER GRAVITY
GAUGE MEDIATED SUSY BREAKING

3) UNIFICATION AT GUT ScALE ?
GAUGCE UNIFICATION

Xy ! oz oy = My Mz M3
YUKAWA UNIFICATION

DETECTO L
1Y TFoRwWARD COVERAGE

2) €~ - POLARIZATION

3) DECAY IN FLIGHT & GMSE
2NDARY VERTEX

LONG LIVED PARTICLES
ToE dE/dX




iS8IPNIS UoISIoald 10) sjdweg ues|D) AIBA <«

L4

0S1 001 06y O 0G1 001 0G 0 061 001 0¢ 0
[rerT e AT 0 VI L B 0 4!._1 i

PRI B Naes IR YV S I ]
L M ozl L - /3 10Tk J MM T pdo 4 oz

A S _uvacun. 0 _:MW A.ﬁ_@ D .\vaocm 0 A.w.ﬁﬁva.oer_@

L b W m- | _l,_...w wl_ﬁ L

i —l L ! T -
| r _ . J ery ...— Iﬂ_l _ _r_ _] ON' M.— ijlﬁ. o | ] ,.‘MJ
a RS N A 1 | AL ot
_ s Lo Ao U A1
M - 1B ke Reu i Rk P A
L IVHDIS ] ool TYNOIS __f_ N s TVNDIS T09
1 L U ont
[ 1 F - o8

lnomm w%,mw_u OF ~ ,.a1 o2 1
R B 3 F A9 0GE = sp ] 000
SN PR I B PP PN B R N BN BN BT

sucinausicy Aineuridooy

i 7 ) HLCAa— - ~u



Haf

. " e .
{(A®D) HR (A2D) =Y
¥¥1 o¥l1 Ov1 gsEl 09 0g oy 0t 0¢c 01 0

ey G e ey O

P [ Thpe

T i Tl

> I 7
— -
- - 001 3

GB'0+= 0'[od , =
(shep oy ~) ,_ai oz ] =
A3D 098 = SA - 0§61

ol dof o o o (e ]
R S

T BT BT
[+0)] -
~l «~—t
] —
ASD) o7

T ISP I IS i1 AP I PN I TS IR I, V, 0"

s1od pu3

DR

: eInsespy




(Tq Studies) — Upper limits on

500 —

| I

N

100

150

200

. ——-» Set s just above 4x . 5=, look for 7.

60 ————

30

4blventis

20

10

e v

........ » Signal = Acoplanar ww”
q9

Q9

H

50 |

40 f

e ARTVAT
PRGN
! AT mn

s bl

——

Vs — 500 Gev
50 b7}

'

............

1




[y
1

Only - components in
~ contribute !

'
S S
/ I
{a ar =
- ) j
Yobok E e

mi% MyE Gle'er >&e) Oleen -k )

-
O
“'-"*"i‘.ﬂnn

o —
Tono e e i P RN
NELDT ITICL AT — ;
[ &

-

w

Forge: oo U relaoon and test it the GUT relation



cst of GUT Relati

Common Gaugino Mass

at the GUT scale
W
GUT - - M
OGUT
1U(1)Y
| = 2SU(2)L
SSU(S)C
R00 [T T ]
A" = 10 —oe- ,
150 - - g— o g
2 100 | PR .
_fs\[nput: M,=250GeV |
50 k- g hv,ﬁ\ 5 2 7]
: IO ‘J\dlzz"é 1631 erh'iz
O_",_,.il.Jlitll‘i""
0 100 200 300 400

1 things turn out this way, we will be forced to
eieve QUT



A

T (SCALAR TAU) Mg

N ~ ~
Vi = T tesOF + Tr sinl5

12 ReMove WTW = TVTV RY
e~ BEAM POLARI 2ATtonNS

2) REMoVE e*e" T~ RBY ACOPLANARITY
ANGLE CUT. :

VI K

Exy yer SPECTRUM =

O35 MeASuRE MEwT = ~iii

mgr, M (or cur)
F o7 X5 (T PoLARIZATION )

sEa

A~ a



1 . T ] [
- T < i 7w = L

7 -

50:"

b 25 - P, =-0.99£0.08 |
L | SMBG SM BG .
: : ““ 1 i 1 L \-'\ s I i
1 m-‘}*‘zﬁ?.‘;':a“ﬁr;xrwy 0 O TP L WA AT A i - B 0 I 7 7250 o, Wl A7 Wl VT ST W V7 S 0 o T

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8
Z“t = Eﬂt/Ep Z-n* = En*/Ep



2




|

30

A A L IR AP A PR TN B BLANLA A
o Pf(TR“’T}(i) My = 200GeV|-
o5 [ |4 | 704N imge = 100GeVY
- | Vs = 500GeV|
20 :_.'-2 ’:“ t‘\ 0“‘. “‘.-“». R
% : 1\\ ‘l‘. ‘\““ \". “‘ -
gls . )
B gl S - T ¥ .Q‘Q.'f'l oJeo o &
i 8 | = PR N Q. 2 ] QA [= TR !

L |© (o |O e §T, e [ D K i

10 |V = ™ = O e A T o
- e.;? o I o Te..|o o T

) ™ N R s S 1

S I \? \ 08 - | e O =

will | [ Il l i Ik 1 1 I [ l\ L 1 l\ 1 1 \l L I l[ L 1 1 :

150 200

M,[GeV]

100

250

300

30 R LG ‘1 1 L] I‘ [] }H ‘ 1 t\l 1 ! 1 L T 1 [ 1 L 1 ¥ ] LI 1 3 -l i
) | ‘ rhgc-—iGDGe‘r 'ng ’O'Due\" R =150GeV ]
1 -,

=3 \ H . ‘\ = 0 "‘z -

25 = 154220V Vo =500GeV th\m th"! d

= |“ \‘ \\~ \"\‘ 7

3 X ". \\\ —'0-4-\"&_‘..

20 I, “a ]

=N TN | AN | o N pll8s -
g S I} u=156.2 S GeV .,
) L GeV \"‘ 04 ““‘-.._ "
10 e T

A P.=08 Tvee-.. ]

I b =173.7GeV 7 " - e

=i T A I ) 1 1 L1 I () )4 ] i 1 1 ] PO R U | l FEER | -1 s

100 126 150 175

M,[GeV]

200

225 250



GAUGE MEDIATED SUSY BREAKINCG

~  _ __E__ ~ > = ~
G VI Hpy Zs(aooﬁvf] ev . ©

@ LCNC IS NATURALLY SUPPRESSED,
@ SMALL NUMBER OF PARAHETERS

= MAss SPECcTRUM OF THE SIMPLELT HoDEL

KECLATIVE MMARANNES

A .6 — R o6
q.1
7
RN % 4 i 23 )
2 —— -
, ) .44 13 l-g;;;-i‘~gwn
N = - @
o wesp = B )
. ~ moGe "
cT (B> G6F) = ( )(:aoﬁ)/um



) eres —> X4 X5

X2 >88 zG, fEG

Fuil §/MULATION A.Blaic (Oxgeve
Meedrv)
DIFEFERENVT TECHNIRUES FOR DIFFEREVT CT

NLSD



Mathod

Surmmery of Technigues

T T T T

Statistical

e

Calorimeter Timing

<>

Calorimeter Pointing

>

3d tracking
/ —

Projective Tracking
PPN

1ty

B ENT

10?

10°

1ot




TOP QUARK

tE€ CROSS SECTION
NEAR THE THEESHOLD
DepPEAM DS ON

St = ‘ll)(izo) \z

I PN
ap. = “L\’(P)\

A Mg = 120 MeV/

oty So £

DESY /| ECFA

THRESHOLD



1 [
09 ¢
08}
0.7
06F
05§
04 F
03}
02
0.1 f

Q

L
L I

m, = 175.5 GeV
o, =0.118 £0.003

i [

E[GeV] 3

3
3

~ g ol g alan s d i lasds
343 344 345 346 347 348 349

P T
350 351 352 353

—(:j;—. [pb/GeV]

1

b
3
-

LS RIS e

LR T

E,, = 349 GeV
m, = 174.5 GeV

@, =0.118:+£0003




STRONG WW SCATT.

. B‘rk{w efal,
X Tecqnipion Forr fFACTOo R 7——7'

Lo cnvcré€y THSoRrR

SCA 2
3CAm  POLARIZATION 5 e
= Im (FT) L
LET ={ow energy
Hie
(M ™ Gs%CLl
g —> 00 )
V§=2 (S TeV
\/E;SOO GQV

Mp, = 2.5TeV
Can BE CrCLUDED

Vi=/.8TeV
Mo xi1.STeV
SiénaL 630

T POINT
Can BE xeLupeD

795Xk cl
SIGuAL %S 6



0.2

LET

N

\, 3 TeV
01 4 TeV -
Mp =6 TeV
™
L 90 =
E
-0.1 SM with Light Higgs -
0.2 | ' L
09 10 11 12 13 14
1094 Re(FT) 782082
0.10 T ; 7 l '
Mp =3 TeV
0.05 - 2TeV -
—
w Qb 1 5TeV —
E
/5 =500GeV'
~0.05 |- -
95% C L. SM with Light Higgs
~0.10 ' L ' :
0.9 1.0 1.1 1.2



58 opPTION

MaS  PRYSICS

OLp ¢ NEW pPaARTICLE

Y- PoRARIZATION

> SELELT
J=0

=S¥ /Sete-

JS= 150 Gey

SM

X = ID-ﬂ;l/Yr
U/

~ 340 HiGeS

~i0% BKG

b6~ 0.4

T »a02



1/L,, dLy‘i‘,‘/dz

diff. cross section do/dvVsys [fb/GeV)

3.0

.
e L
o -
25 - =
= -
= -
= .
20 —
- - -
— -
i .
15 | —
L R
o -
o B
b T —
1.0 - ”" ‘\‘\ -
- -~
= e N -
= ,I’ \\ ..
- - “~ -4
’ J—
LY
0.5 — R ~ -
u ’
- (’ -
4 ~ -
4 \\
f’ l | 1 | ]
1 1 3 1 1 ] ] 1 I A | 1 X L 1™ L1

1 __.I_ =3 e | T T l T ] T ¥ ] 1 T T L) ] L] 3 LIRS

0.0 !

[

,ota
Y Backgrounds

a0 100 110
visible energy sum Vsy;

120

[GeV]

140

150



EARLY STUDIES (N 80 TH
LEP or SLD DETECTOR PERFoJ?MAuce
MIGHT BE OK FoR LC &xp'rS.
1942 TJLC-1 REPoRT PROPOSED
MUCH BETTER DETECTOR FoR HIEES,
/943 CDR DESY /ECFA STUDIES
1943 ZpDR ALC STUDIES

r .



DETECTOR CONCEPT
IS DRIVEN BY

o T AT eI #y e sy
LIPSt Y LA T

Z h b-TAG, c-TAG
RECOIL HASS RESOLUTION

TJET-JCT HALS RESOLUTION

SUSY MISSING Pr
ISOLATED X‘S ete . ete

T . -, e S
e e S
e B b
oo T N hei

VERTEX DETECTORS

FAST ReAD OUT
DETECToR TECHNOLOGY HMAY ANOT BE
THE PRIMARY I[SSUE FoR e‘*e expP’/TS | *

LD Carra TN T R Sp— A R
o FEE. empEe o D eFTEm o P T SR
L A s L i b Sl - fam Wi Aoy . 2 R
T e N = i ) : =
SR L S PR R RS Ty, B P - " ;
A CETEIEER W o LTt AT T e e e & (i o

BUNCH TRAIN STEUCTUE’EH
BACIkk GRouND AT IR REGION



VERTEX DETECITOK

LSSENTIAL TForRr b-TAG. ( s bk
C~-TAG.

- -,  fe. I8
P ) ]

TECHNICAL CHALLENGES

i) SMALLEST POSSIRLE Tiyner rayer

ete- PAIR BKG <> B FIELD
( DETECTOR CONCEPT)

2) THINNEST POSSIBLE LAYERS

RESOLUTION B
MULTI PLE SCATT. - -

3) LARGE RADPIAL SPACING
NUMRER OF LAYERS AR
= STAND Atowe TRAKING

4) MAXIHMUM POSSIBLE  (osB COVERAGE

5) FAST READOUT




: Ofouyday, ISTTA piepuelg <--
SuiBewy <--

UoIIIIUND))

100093Qq
A3ojouydsa xajdwo) <--
sa1sAyq Ad1ouyg y3i <--

" IHITAQ)
SANSAYJ

A31aug Y3y <--

10132)3Q

f

\
t 3 n.fw <

JEALL ALY

(ais)
sotsAyq A3soug Y3 <--
Suifeuwy <--

dwee;d
L

Al
C o —— Y
1Y,

.%"_EHAJ.;

G661 "ET-OT YR

OIN) PrOJX()
CRSUER/Y A

¥

A T L
L k]




- ,_w.uo_‘o:aou ,.L.__m.._.\..r ﬁ&ﬁ:&m <--
BuiBewy <--

Suifewy <--

(" ‘(H4T3Q)
SASAY st
A3saug Y3y <-- e
uoIIUEO)) oG

¥

..e.uo-on_
A3ogouydar xajdwo) <--
sotshyq A31aug ySiy <--

6661 €70 YR t:.,.ﬁ
O} PIOIX)) . . N ; 3

»_i_.rc«... "o
AL F RN
R



CCD (CHARGE - COUPLED DEVICE

EXPERIENCE
@ SLD

307 A1 pIxXELS
0% % Xo/ LAYER

Cpomwr = 3.5 M
( Both @, 2)

THICKANESS
GCAL = 0.12% Xo /LAYER

RADIATION HARDAE SS
@UITE ROBUST AGAINST €%,

FOR HADRoNIC BKG.
oK uvp To ~10'° 'r'\/cm,Z
CTI (CHARGE TRANSFER (NEFH UEMCY

< 0Co™8) ReQUI RED

—y 02
LX. (!-— SXIDQ)LT“_PL,. — 05? !

B

[ el ] -

e g e T

CTTI ( Ten PERATURE, READ 0UT TIME )

READ ouT TIME

JLC /NLC | \ . _
~ (D Mmsec INTELVAC



CCD

Vertical Shift Register

¥

Horizontal Shift Register




APS ( AcTive Pixer SENSOR )
HYBRIDE APS

ATLAS, CmMS, --
o ReAD ovT

fI ! 9 I“:‘*BUHP-BOMD
~

o DETECTON
(DtoDE)

RADIATION HARD

S/AN IS BGooD

TMH(CICNESS
. ALICE 11286% Xo

PIxeL S(2E
O €100) frm x O ({00 ) par)

MowollTHC APS

STAMDARD VLSI TEcHNOLOGY
USING Louw ReESISTIVITY ST

SPECIAL PRocCecS Of) HIGE RESISTIVITY

1S NOT NEEDTD
GoeD EEFFICIENCY FoR HIPS

LARGE SI2¢€ DeTEcTOR

REA)D oUT
NEED TO RBE DEHON STHRATEDL



MOSSensor

Verdes! Scah
=

i 1 " ‘[
§:=%%. * %m}' fn

MOS | o

E

MOS 14 mos |4
; clrcu ; circyl

EJ‘.

Horlzontai Scan




TENTRAL TRPACKERS

SeneERAL ISSUES
1Y Pr PESOLUTION TFoR HIGH B TRACKS

- Zh o i
e

oy e
miiigfytay

B, L <& GEWERAL DETECTOR CoNCEPT.

S < Vp ., DIFFUSIoN (Forz GAS CH.)_:
N <= PATTER RECOENITION

G (% gx o™ 2x107f
» 56 CHAREE 59 HMomreENTIM
1250 GeV S EPA RATIoN PEeSoLV T orJ

2) LowW MoHenTUk TRAWKS IN JETS

MATS/UTY OF TRACKS FL < 10 Gel/
MULTIPLE SCATrerRING IS DoMrAvT

3) PARTICLE - ID, RECONSTRUCTION |

o e

D -HMESON REConSTRUCTON] s LI

Doyt
L

4) FORWARD TRAUWNG



5) INTERMEDIATE TEKA Ck B1<.

LINKS TRACKS RBETWEEN UVUTXk AND CT
IMPOrR TAN T FOR PATTERN
RECOGNITION TFFICIEnCY.

= CHolICE OF THE DEVICE ¢

T
i
3

6) RBUNCH | TFer TLC Avo NLC

BUONCH SELARATION = <-
POINT RESOLUTION 7~ JUD (Mo'r ~ u’b)

= FAST Vp IS BETTER

e - =g = ;
o mos s PET e ‘-:- E_Ta i ’ > T o0 Fae o n [
- B i B O - I L
& 'd
-
~~0 b N
i PRI f
] __f-, — - ! - 5
— T e e ———— e N
e i pe
e
taE ol
L e
e~ T Pl ST e T —
- T TN -y e 1T s
- S mens Sl Chay camt o Ealy LT
=y P R
N - =
Cons v L, i S
oy T I e ) w
i =t ot )

DIScUSS1oNS  ON
R SoLeNoIDAL MAGNETIC FIECD

[ EFFECTIVE RADIAL (ENGH

- LATER
IN CAlLoR! METRY .



CENTRAL TRACKeERS TFoR LCE

JLC -1

(i€ fliles e stone )

ECFA -CDR| Snowmass a6

TV PE Jet celL T PC Compact St
lzout 2.3 m .6 M 0.5 m
R | 27T 3T 47T

00 )U\ |40 (O
g oINT
P (GZ = 2mm ) /A /‘
[7s6 (axial) 23
MQAHPL‘é 1 10 ¢ré)
- 1 49 (stereo) S (z)
| -

s() | x 10”% 3x 107 &x 107"

(c. )

W. BEAN) , - -

vix BeMll g x (075 & x 107> 1% 10"
L=&46m MAX DRIFTTIHEl 3¢m* silicon

COMMENTS | Grav. SAG = 50 pS
TESTE ciecrmons PaTreRN U6COG,
Up 210 M/NS | puacamcne T ¢
2 hrack Sep. WIRES , GEM, BUNCH 1D
msee, - -- 2¢?

~IMM




CALORIMETERS

1) ENERGY FLOW MEASUREMENTS

® CALORIMETRY BASED EXPERIMENTS

= LOW R-FIELD + M TOROID oUTSIDE
TO AVOID CHARGED PARTICLE SPREADINC
FROM JET-CORTG AND INCLINED INCIDENT
ANGLE AT CALORIMETER SURFALE

® TRACKING + CALORIMETRY COMBINED

= NeeDp HIGH B-FHELD
TRUSTING MoHENTUH HMEASURE MENT
FoR CHARGED PARTICLES
SEPARATE THEM FRe-t JET-CokE BY
B-EELD AND TLIMINATE CLUSTERS
DUE TO THE CHARGED PARTICLES
|E QUERLAP OF MNeEUTRA L
CLUSTER AnD CHARGCED . 4~
PARTICLE CLUSTERS
oveRr AP => SUBTRACT
Expec TeD ENTRAY pEPOSIT. |

et e

= COM pERNSATION |

% SIGKAL - |
TrrSiG AL - )




2) ReSoLUuTionN
@ RBALANCE RETWEEN TRACKER MoOmENTY
ResoLuTiond AND  CAL RECoLY TIond

SMJJ‘ IS DorinaTED BY Cal

L ~ 6g 1S ,— -
ResoLu TioN FoR Slp)S0TY | = ~ __\’%_/.,(g,..ﬂ

'

Z h NOoHINAL

L;—? bb Cop DATION
Vi
m n= &62\/

TOGBL TR, L ——s
chAL

WUTH WITH
r_hm;?;i P, G-veckor
Pﬁf 2

4 o menuna
ve oo




%_70 _ v included o‘:]_'|7Ge‘v’é 50 v excluded o=1.24GeV
§ 60 F
. 40
§ 50 |
40 F 30
£
20 F _
w0} 10
OE.,..,—,.JP__[.,Il.,n—FLn; 0 Y s Poulll N Yo 1 PRI B P 1P | [
60 70 80O 90 760 70 80 9C
2-jet mass 9V 2-jetmass GeV
g 60 FCOC replaced 0=1.18Gev| 80 ;—CA%_ replaced . 0=0.63GeV
> 50 F 70 ¢
] a0l 60
e L - .
8 | 50 £
Esof 40 F
[~ A H
) : 20 ¢
0 ! 10 £
O,:r‘m:«—quw b ‘[J"-U—\rk‘-rﬂ—k O-—-nr\-ﬂ PRI B L. ¥-. ]
70 80 90 70 80 90

- 2-jet mass GV 2-jet mass GeV




b

TSoLATED So 6eV e~
aP/P ~ 0.5% 0% =%,
(St . e onse’

HeAL ResSoLuTiond

Ce ¢ 4v% eepeo ¢
€ NE
CoH Pen SATION ~ NEEPED ?

— T

Coi. <SHouLD RE QUTSI\DE OF HCAL

Y. Fujii




2-jet mass

40 _ 407 /VE 0,=0.90GeV
: 0,=2.69GeV
20 - 7
0 : g — o DR D P I
65 70 75 80 - 85 90
_ 50%/VE .=0.91GeV
40 ! -gz=2.64GgV
20 ¢
0 S = L
65 70 75 80 85 90
_ 60%/VE ,=1.10CeV |
40 s gzzaozcgv
20 |
O - 1 R R S 1 | TP o, B |
65 70 75 80 85 S0
40 80%/E 0,=0.91GeV
gg 0,=2.74GeV
18 P o O L N SO AT WY ST ST S R S | T . 1
65 70 75 80 85 90
GeV



Y Lieuin ARGON

SLD, Hi, D¢, (6EM), ATLAS

e ' ‘f ,I.;.

R S TR O s
t T s -

e CRYO. 1S NEEDED |

e FIN GRANULAITY = SoFTwARE waéwmue

Compent SkTiond ©
® HARD TOo ReiaCH DESIEN QLSO\—UT[QI‘\J_

® TyplCALLY

Ge/E ~ 104 /[E Se/e = SOA/NF

eM Ao Sc .
2) SHASH u"‘1_< | S - Abs..
PHEN IX , HERAR, LHCR
® COMPACTNESS IN DEPTH
® AKENBLY TFoR LARGE - |
COLLIDER DeTECTOR 2 oo 70 D)

@ TtTnracLe wLS (ToRrTiON, F(th,’(\oyd]

® TvyplcaLLy

Ge/e < 10X /(€ Fov EH



3 Tite HBek
CDF, STAR ,(SDC ), ATLAS, CHs

@® CoHron LY JUSED

FoR HWADRON ' Alco ber
coLLpeRr Cxp TS

® CASY To VARY PAD $)12E/ SnApE
® LoNnNG READ ovT (Bete
® TyplCALY
6ec/e ~ ISAL/NE TM
60"/ /fé HRAD
® oW CoST o TR oo En e

Y NS TALS Lok TlAL
S L3

@ CxcEllenT E¢pL ResolLvTion

@ LoNGITUDINAL SEG MEU TATION DiEpcuLT
® NOT SO pp,s'" AS Pu»;s-r\c suu'ru,uproreS‘f

....—s:'_/'r"' - u

® -To HA\I& ‘CKCCLL‘C'M‘T ReSOLUTlDN |
S Ter PENATILE CoNTRoC
\ LIGHT YIELD ~ 2% /1°C PbWOy



8 661 ‘51 uenuer ‘Sunesiy OOMT




BeAmn TESTS (JLC)

|) Low ENTRGY BEAH TeSTS AT Kok
TFILE- FIBER CAL E S %Gev

2) plLasnvinG pRean Test @ fwac P 19
g ¢ Ec 200 GeV

RESoLUTIOA CorpeENSATION

Sc.! Ph = 2mm! Emm

/

Sc ! Pos 2mm [ Gmm

~ 33% /NE




o /~NE (%)

Lead Plates
(inserted between tile assembly)

T | T T »-‘ T T ] T o~ T T T T T T T
fit function v(o. 4+d X c,7) 2
L - L scintillator thickness 2 ]
ay(%) (%) ¥/ n.d.f. o cint e e
2-4GeV 24.44 0.7 11.22 0.2 24.0/28 = ¥ 3Gev
60 | 912 O 4Cev |
1 Gey 2556+09 89103 3.32/7 L,
L ] = ! _
~
scintittator thickness 2 mm . Q
1.1 n
q + H 11
0.9 ’ =
i J
~
! | L | : | L ' L r 1 ' b 1 { f l
0 1 2 0 5

5 10 15
%) lead thickness (mm)

: 3 4
iead thickness vd {(mm



INTERACTION REGION

MACHINE RELATED
BACKGROUND

) DESIGN OF THE LAST G-HAGNET

e PREC\SION OF THE HELD INSIDE
THE MAGNTT. ® MECHANICA L

STARBLIZATION @ POSITioN e §I2FE

@ COMPENSATION OF SolLeENOoID
Clerd ( NORHAL MAGNTT)

e i -
o - T J s T R o SR
. e Gy e
- - — o =
- PR P T i i — ,,,:— T ey ...g
Ve P T R U H PR R o N L PR N
[HAER R VAR e e g v |

2) SYNCHERoTRoN RADIATION FRoOM
BeNDING- AND Q- HAGNETS

e SR FRoM UPSTREAMT ~100m AJAY
FRo TP

AN - o ”
D T B ('—:

A

ST T . —

A I

o SP FROM TFiNAL @ -HAGNETS

e T

twe e




MASIK FoR TESLA

5) SECONDARY PHOTONS. NEUTRONS

SYNCHROoTRON RADIATION
BACIK SCATTERED AT QCO-MAGNET
FACE = MASK

PHOTo PRoDucTIoN NEUTRONS
THROUVGH NUcLeAR GIANT
QESOMAMCE E’J’ ~ 1.8 Me\/ =

= ARBSoRBeD WITH H-RICH
MATERI AL

NEVUTRONS ARE ALSO FRoM

REA#@1 DAMP oR EVERYWHERE

= CAREFUL DESIGAN OF
SHI&ELD , BeAn DA+ [




Centréi tracker

Bsampipe

| J— Sy
40mm P ———o === mm———————- 48 mm
T o

Vartax detdgctor

R Tungsten Graphite Bl Czlorimeter




6) MIMITETS CHADRONIC TWO PHOTOAN
PROCESSES )
@ HUGE CROSS SECTtON
S = 30-60 Nb ((/—_:3'006-:\/ Mf"?ZGCV;

{

@ OVERLAP PROBARILITY
JLC-¢, X NLC-X

?K/O;B et s

{00 XxfpD

~ 0. F x10™2 nb / bunch
C- Zpuna ~ 0L LT

Tesca HigH

2800 X S

~ 2xt0"3 nb /buncty

® EoRWARD GOING JETS

Pr 1S SMALL RBUuT Py 1S NOT SMALL
MIGHT AFFECT [CosBOusgl Pz curs

g VERTCX “Belle _ Babar
events”

ov LHC eve-ts”




SUMMARY OF
DETECTOR ISSUES

FOR LHC EXPERIMEnNTS, REQUIREMENTS
OF FAST DETECTOR Respcwcc AND

RADIATION HARDNTESS e 707
DETECTOR TECHNOLOGIES

FolR €ete- CotlipDER TxPERIMENTS

TN e - o o
: e - =
-~ '—\ r——— e d s e -
Y ~~ e \ i
- e R [ P e T e —
-2 e - o) o T e e = -
- TET o e . T
. o— . Py s o —
= e ot R —r —e " I T
- : ey 2T e~ i -
S T . e T
i Lt e g
. - -
o — T - V — " w A n o~
- S N i L WL
: S i e [ T . A S W g
e Ty g N [ L e T e P
B = ~ S ~
T i - P T R
-— [ F e L PR )
-~ o
. e s I s e S o
NI e il WS g T T T St ] Y e T
LT R L FET i R E Bt PN A

EXCHANGING [INFORMATION (N THE
WORLD - WIDE LC SocteTyY HELPS
O CPTIFIZE LC DETECTORS.




SUMMARY

Fok
PHYSICISTS,



PHYSICS THRESHOLDS

4) LIGHT HIGES

Mp < 200 GeV (<130 GeV M SSH )

:‘37 f"" 200 ~ 300 GeV

ST T .
T o

";’ : Py

) ToP PAn? Pkopucwou

/s ~ 2m¢ ~ 350 GeV

P I P I
[ A VL

3) SUSY

Vs < O (TeV)

) NEW STRONG INTERACTION
( '£ no light Higgs Boson )

s ~ O(TeV )




THESE SCIENTIFIC MOTIVATIONY
( HIG6E + ToP) ARE EBNOUGH TO
TJUSTIFY THE&® AGGRESSIVE SCHEDULES
OF JLC, NLC AND TESLA.

T AT L T T e e -, e, TR T
L t e i B ¥, = g [l e
S R L e PR Naa? Wt g pem St LRI
e, m R - o S i —— P L e T e TR
£ jo S n et il el ‘ i | v
) s et . L e L v T .
s
L e

THE IMPORTANT STEP IS TO DESIGN
THE AST PHASE etée-LC ON TIHE

R

WITH (AL MOST ) ESTARELISHELD
Poeoammets Ve m BRDOIEL T
THE NExT STEpP (2ND PHASTE)
CANNOT BE DEFINGD NOW .
THRE SHOLDS ARE UNKNOWUN.
WAIT AnD SEE LIHILE envJoYIN G
THE AST PHASE €+e~ LcC_,




PHYSICS SHouveD
BE DONE
STEP BY STE P

DRIVEN BY
SCIENTFIC MOTIVATION

ColLtARO RATION / CoHPETITION

R R e

CAN LOSE
EVERYTHING



ATLAS datecior and physics psifermance

Volume |

Technical Design Faport 9 Apuil 1999
= 1RE 1
G4 r N SLdt = 30 fb
30
20 ‘\\:\:\?: ‘é—« ‘t "'"} bH+ “"ith H+ _-> :r ‘\\\_;\\\\'\\\‘.\\:"\\‘{\:\\\\::" S
oL FE LEP2
g E: Vs = 200 GeV
7t 4 SLdt = 200 pb"
GO S~
" =N tth with h—>bb
5 T
3 t—>Ivb, jjb _ LEPZ
4 £ /. vs = 189 GeV
A T iy A
O Z3eer 7k —> Zh —> libb
7 """4‘&"*" .;‘afp? T
"q. P v/ \1/% AH —> tt
1 | Y | l L u;‘: ‘:ff/i//k\t? Tﬁ?;h!%}[ “fl}it}l;}l?;kv ; I} 1 1 1 I | S T W |
50 100 150 200 250 300 350 400 450 500

m, (GeV)

Figure 2§-87 The 5o discovery contour curves in the (mp, 1anf) plane for the individual channels discussed,
assuming an integrated luminosity of 30 fort and minimal mixing. Also included are the present LEP200 limit
assuming an integrated luminosity of 175 pb™! as well as the expected limit assuming an integrated iuminosity of
200 pb-1 at a cms energy of 200 GeV. Presented LEP20C limits courtesy to P. Janot. .

and 21-88 the minimal mixing have been assumed. This is a pessimistic scenario for LHC, since
a larger mixing would shift up the lower bourd of oy, thereby increase the discovery potential
of LHC. Nevertheless, the overall picture remains the same:
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Figure 2188 The same as Figure 21-87, but for an Integrated luminosity of 300 fo-l.

* With a modest integrated luminosity of 30 fb-l, the ATLAS discovery potential covers
large fraction of the parameter space. For 80 % to 90 % of the cases the discovery of a
Higgs boson would allow for discrimination between the SM case and the MSSM case;









